Raloxifene is a selective oestrogen receptor modulator used clinically for the treatment and the prevention of osteoporosis in postmenopausal women. The drug has been evaluated in the Study of Tamoxifen and Raloxifene as an agent to reduce breast cancer incidence in postmenopausal women at high risk. However, about 30% of women who develop breast cancer do so in their premenopausal years. In this pilot study, salivary oestradiol and progesterone were determined throughout the menstrual cycle for a total of 22 subjects, 14 of whom completed pre-and postraloxifene (60 mg daily) salivary collections. The mean concentration of oestradiol during the menstrual cycle when subjects were taking raloxifene was significantly greater (P!0 . 001) than during baseline cycles. Neither salivary progesterone and cortisol nor menstrual cycle length were affected by raloxifene treatment. These data demonstrate that raloxifene administered to premenopausal women increases the concentration of oestradiol that diffuses into the salivary glands, and which presumably represents the concentration available to other organs as well. The results reflect increases in serum oestradiol reported earlier.
Introduction
Raloxifene is a selective oestrogen receptor modulator (SERM) that is used for the treatment and the prevention of osteoporosis . SERMs are nonsteroidal compounds that interact with the oestrogen receptor (ER) signal transduction pathway, in different target tissues, to induce either oestrogen-like or antioestrogenic effects (Jordan 2001) . Raloxifene reduces the incidence of carcinogeninduced rat mammary tumours (antioestrogenic) (Gottardis & Jordan 1987 ) but lowers circulating cholesterol and maintains bone density in ovariectomized rats (oestrogenic) (Jordan et al. 1987a , Black et al. 1994 . Raloxifene, originally referred to in the literature as LY156758, was noted to be less uterotrophic in the rodent uterus than tamoxifen (Black et al. 1983) . Overall, these data encouraged the clinical testing of raloxifene as a potential preventive for osteoporosis with the beneficial side effects of lowering circulating cholesterol, and reducing the incidence of breast cancer without an increase in the incidence of endometrial cancer. The related SERM, tamoxifen, has been associated with a small but significant increase in the risk of endometrial cancer in postmenopausal women (Fisher et al. 1998) . Raloxifene effectively increases bone density, decreases breast cancer incidence and does not increase endometrial cancer incidence in osteoporotic postmenopausal women (Cummings et al. 1999 , Ettinger et al. 1999 , Cauley et al. 2001 . Based on these data, raloxifene has been evaluated against tamoxifen in the Study of Tamoxifen and Raloxifene (STAR) trial but only in postmenopausal women at elevated breast cancer risk. (Vogel et al. 2006) . The STAR trial demonstrated equivalent efficacy for tamoxifen and raloxifene preventing invasive breast cancer but with fewer thromboembolic events, cataracts, cataract surgeries and endometrial cancers in those women taking raloxifene.
A concern with the use of tamoxifen for reduction in breast cancer risk in premenopausal women has been its potential to cause a decrease in bone density and osteoporosis in the early postmenopausal years (Powles et al. 1996) . There is no information about the long-term actions of raloxifene in the premenopausal women, so this population was excluded from the STAR trial.
In an earlier report, we used a salivary assay to monitor oestradiol and progesterone throughout the menstrual cycle (Chatterton et al. 2005) . The monitoring technique is noninvasive and has the advantage of simplicity and convenience for the patient. Our aim was to evaluate the salivary assay as a potential tool for chemoprevention studies in situations where the agent could potentially affect the menstrual cycle but daily blood sampling was inappropriate.
Salivary steroids are generally considered to represent the 'free' or 'diffusible' fraction of the plasma concentrations (Read et al. 1990 , Hold et al. 1995 , and, therefore represents not only the concentration that enters the salivary gland but also that available to other tissues. In contrast, the major fraction of plasma sex steroids are strongly bound to their respective binding globulins and concentrations are normally reported as the total concentration of all bound and unbound forms. In the present study, we report the actions of raloxifene on changes in salivary levels of oestradiol and progesterone in premenopausal women at high risk for breast cancer, who participated in an evaluation of the effects of raloxifene on bone density .
Materials and Methods

Subjects
Subjects were recruited at the National Cancer Institute, Bethesda Maryland, in a phase 2 clinical trial designed to study the safety and tolerability of raloxifene in premenopausal women at high risk of developing breast cancer . Between 1998 and 2002, 30 women were enrolled and started treatment with raloxifene. Out of the 22 subjects who collected saliva, 14 completed collections at baseline after 3-12 months of raloxifene. Five did not complete the raloxifene portion of the study and three did not have a baseline. For the women who signed the consent for the saliva study, the age range was 40-47 years, the median age was 44 . 5 and the mean age was 43 . 9. The average body mass index (BMI) was 24 . 5.
Eligible subjects included women between the ages of 23 and 47 with an increased risk of breast cancer by at least one of the following factors. Gail model risk assessment R1 . 7% at 5 years, (Gail et al. 1989 ) a family history consistent with hereditary breast cancer, (Shattuck-Eidens et al. 1997 ) a diagnosis of lobular carcinoma in situ, atypical ductal hyperplasia or locally treated ductal carcinoma in situ. Subjects were required to have had regular menstrual cycles (defined as 26-35 days) for the 6 months preceding enrolment in the trial. Premenopausal status was additionally verified by a follicle stimulating hormone level !20 mIU/ml. Subjects could not have had steroid therapy or oral contraceptives within 6 months prior to study entry. Also excluded were women with infertility of ovarian etiology or recurrent ovarian cysts, or pulmonary embolism, deep venous thrombosis, any bleeding disorder or liver cirrhosis.
Subjects received a 60 mg dose of raloxifene (and calcium carbonate 1250 mg) daily for up to 24 months. Saliva was collected daily for 1 month after 3-12 months on raloxifene. Bone mineral density was a primary end point and has been reported elsewhere . Hormone levels were among the secondary objectives of the study. Circulating prolactin and oestradiol levels taken at a single sampling time in the menstrual cycle are reported elsewhere (Faupel-Badger et al. 2006) .
Saliva was collected daily between 0700 and 0900 h in 8 ml vials containing 0 . 5 mg NaN 3 as a preservative beginning on the first day of the menstrual cycle and continuing until the last day. Salivary secretions were stimulated by chewing a half stick of sugarless gum; the subjects spat into the vial until it was at least half full. The vials were then sealed with a stopper that was provided, the saliva was mixed with the dried preservative, and the subject number and date were written on the vial. The vials were stored at room temperature until the menstrual cycle had been completed. After completion of the cycle, the samples were brought to the clinic for shipment to the laboratory at the Robert H Lurie Comprehensive Cancer Center, Northwestern University, Chicago, IL, USA. All procedures were approved by the NIH and Northwestern University Institutional Review Boards and written informed consent was obtained.
Laboratory procedures
After receipt in the laboratory, the samples were frozen until they were assayed. The procedures for measurement of salivary progesterone, oestradiol and cortisol have been validated and described in detail previously (Chatterton et al. 1996 , Lu et al. 1997 . Briefly, the samples were thawed and centrifuged at 2500 g for 30 min. The precipitate was discarded and the supernatant was used for the assays. All the three steroids were measured by radioimmunoassays. Progesterone and cortisol assays utilized tritiated tracers and oestradiol assays were performed with 125 I-oestradiol. Antisera for progesterone and cortisol were produced and evaluated as described previously (Cheesman & Chatterton 1982) . Antiserum and tracer for the oestradiol assay were obtained from Diagnostic Systems Laboratories (Webster, TX, USA). The intra-and interassay coefficients of variation (CV)s were 13 . 8 and 5 . 1% for progesterone, 16 . 1 and 15 . 6% for oestradiol, and 13 . 6 and 6 . 7% for cortisol respectively.
Lower interassay than intraassay CVs are the result of numerous samples that were at or below the limit of detection of the assays, while quality controls that were run with each assay for determination of precision were well within the range of the respective assays. The quality control preparations from which the interassay CVs were determined were a pool of saliva that had been stripped of steroids by incubation with agarose-coated charcoal and to which 200 pg/ml of progesterone, 12 pg/ml of oestradiol and 5 . 0 ng/ml of cortisol had been added. The steroid assays have been tested for stability at room temperature in the presence of NaN 3 and found to be stable for 3 months. No significant differences in assayed values were found.
Statistical analysis
The mean and standard error for all subjects in a particular group were calculated for each day of the menstrual cycle. The last day of the menstrual cycle (the day before menstrual bleeding) was designated cycle-day 0. Saliva samples from day K28 through the end of the cycle were assayed for oestradiol. Those from days K17 to 0 were assayed for progesterone. The criteria used to determine the day of ovulation were: (1) progesterone values of O60 pg/ml or more on 3 or more days in a 4-day period occurring within days K4 to K10 from the end of the cycle; (2) cycle length of O24 days; and (3) oestradiol values of ! 12 pg/ml during the first 10 days of the cycle. With these criteria met, the day of ovulation was determined by counting back 13 days from the last day of the cycle. Usually, there was a peak of oestradiol within G2 days from day K13. If so, we chose the day after the peak as the day of ovulation as validated by others (Ellison 1988) . For purposes of displaying the data, the cycle was renumbered with the day of ovulation assigned as 'day 0.' The follicular phase was numbered negatively and the luteal phase positively from the day of ovulation (day 0 was included with the follicular phase for this comparison) (Chatterton et al. 2005) . The data were evaluated by the box plot procedure (SYSTAT Software, Inc., Richmond, CA, USA) and 5 out of 494 progesterone values that were greater than 3 S.D. from the mean were deleted from the group receiving raloxifene. No other outliers were found.
The significance of daily differences between baseline values and those during raloxifene treatment was determined by paired Student's t-test.
Results
Salivary progesterone, oestradiol and cortisol data were evaluated in complete menstrual cycles before raloxifene treatment began and again during treatment. The mean data for baseline and raloxifene cycles are shown in Table 1 . The mean concentration of oestradiol during menstrual cycles in which raloxifene was given was significantly (P!0 . 0001) greater than in baseline cycles. Progesterone and cortisol concentrations were not affected by administration of 60 mg raloxifene per day. No differences were noted for data collected at 3 or 12 months during raloxifene treatment so data were pooled.
The pattern of daily oestradiol concentrations throughout the baseline and treatment cycles is shown in Fig. 1 . It is clear that an elevation in oestradiol occurred throughout the entire cycle and was not confined to the follicular or luteal phases. The preovulatory peak was increased proportionately. The pattern of progesterone concentrations in baseline cycles and during raloxifene treatment is shown in Fig. 2 . It is evident that progesterone was unaffected by the treatment. The levels of progesterone were similar across all days of the cycle beginning on day K4, the first day that progesterone was measured. Cortisol was measured on 4 days of each menstrual cycle (two follicular phase and two luteal phase days). No difference in levels was observed at any of the random time points in which samples were assayed ( 
Discussion
The principal reason for the evaluation of raloxifene in premenopausal women was to investigate the possible application of this SERM as an alternative to tamoxifen in women with active menstrual cycles. Approximately one-third of all women who develop breast cancer do so in their premenopausal years. At present, tamoxifen is available for the reduction of breast cancer risk in both pre-and postmenopausal women but there are presently no long-term data on the actions of raloxifene on the reproductive physiology of premenopausal women. In a previous study, the effect of 100 and 200 mg daily doses of raloxifene administered for up to 28 days on serum oestradiol, progesterone, cortisol and gonadotrophins was determined in healthy premenopausal women (Baker et al. 1998) . The area under the curve of oestradiol for the entire menstrual cycle was 25% higher than the baseline cycles with the daily 100 mg dose To measure the effects of the elevated oestradiol on biological end points, serum SHBG and prolactin were also measured.
SHBG rose from 59 . 6G28 . 9 (S.D.) to 65 . 6G32 . 0 (S.D.) ng/ml after raloxifene treatment. In contrast, prolactin levels were unaffected by the increased circulating oestradiol, which suggests that raloxifene may antagonize the effect of oestrogen on prolactin secretion. This antagonism of the oestradiol response to raloxifene has been demonstrated in vitro as well (Lieberman et al. 1983 ).
The related SERM tamoxifen has also been shown to elevate serum oestradiol levels throughout the menstrual cycle (Groom & Griffiths 1976 , Jordan et al. 1991 . The sustained use of a potential chemopreventive agent that causes an increase in oestradiol, a known promoter of breast carcinogenesis, is of particular interest. We have extensive previous experience in monitoring the changing serum levels of oestradiol or total oestrogen (oestradiol and oestrone) in premenopausal women during adjuvant treatment of breast cancer (Jordan et al. 1987b , 1991 , Ravdin et al. 1988 . The changes in circulating oestradiol or total oestrogen are extremely variable on a patient-to-patient basis, but elevations in oestrogen during the follicular phases are clearly more dramatic than those observed in the luteal phase. However, most of our patients received chemotherapy prior to taking long-term tamoxifen treatment (Jordan et al. 1987b , Ravdin et al. 1988 . In contrast, the extended use of tamoxifen alone (4-72 months) caused an elevation of oestradiol throughout the menstrual cycle (Jordan et al. 1991) .
In the present study, we assessed the concentration of oestradiol and progesterone in saliva. It is a well-accepted concept that salivary steroid hormone levels represent the free or binding globulin-unbound form of the serum concentration (Read et al. 1990 , Hold et al. 1995 and, thus the concentration of the steroids in saliva represent to a greater degree the available concentration to the tissues than do serum levels. Perhaps referring to the salivary concentration as the 'free component' may not be sufficiently precise because it is argued that the fraction of plasma steroids that is bound to albumin is also available to diffuse across plasma membranes (Partridge 1981) .
We observed an 85% increase in salivary oestradiol uniformly across the entire menstrual cycle with the daily 60 mg dose. No significant effect on menstrual cycle length was observed in this or the earlier studies of raloxifene despite widely different doses, nor was there any significant effect on progesterone or cortisol concentrations.
Because of evidence from studies of tamoxifen, we conclude that raloxifene similarly increases serum and salivary oestradiol levels by increasing ovarian aromatase activity. Tamoxifen does not increase serum oestradiol in postmenopausal women (Ellmen et al. 2003) and does not increase serum gonadotrophin levels (Ellmen et al. 2003) . It apparently promotes the transcription of aromatase at the proximal ovary-specific promoter (PII) promoter, which is limited to the ovary and is not active in adipose tissue (Sebastian & Bulun 2001 ).
An increase in the free component of circulating oestradiol raises the question of whether raloxifene would be an efficient antitumour agent in premenopausal women. Potentially, the elevation in oestradiol could compete with raloxifene for the ER. Unfortunately, benzothiophene types of SERMs are extremely short-acting (Jordan & Gosden 1983 ) and therefore do not have the ability to block completely oestrogen target tissues such as the breast (Jordan 1983) . This may be the reason for the poor effectiveness of raloxifene as a breast cancer treatment in ER-positive breast cancers (Gradishar et al. 2000) as there is only 2% bioavailability after oral doses of raloxifene (Snyder et al. 2000) . In contrast, tamoxifen has 40% bioavailability and has a long biological half-life that results in the drug being present weeks after the cessation of therapy. The mean salivary progesterone rise after presumptive ovulation was blunted relative to previous studies from this laboratory (Lu et al. 1997 (Lu et al. , 1999 in both baseline and treatment cycles. The increase in progesterone from follicular to luteal phase has previously been shown to be less than the increase in serum progesterone (Evans 1986 ). This is exaggerated in women over 40 years of age (Lipson & Ellison 1992 ) and may be more related to adiposity than to age according to the recent results from our laboratory (unpublished results). The women in the present study were between 40 and 47 years of age with a mean of 43 . 9 years and had a mean of BMI 24 . 5. This may be the reason for the relatively low rise from follicular to luteal phase. The effect of age/adiposity appears to result in a small increase in the follicular phase levels of progesterone and a decrease in the luteal phase levels. This effect has not been adequately studied, and, if it has a major effect on salivary progesterone levels, this should be investigated further.
In conclusion, we have extended our previous evaluation of the salivary steroid assay to monitor menstrual cycle changes (Chatterton et al. 2005) . Our aim was to investigate the worth of the salivary steroid assay for the evaluation of a potential chemopreventive in premenopausal women. The process of steroid monitoring in saliva throughout the menstrual cycle is convenient for the patient and the method avoids the inconvenience of repeated blood drawings and visits to the clinic. The method has potential value for monitoring steroidogenesis during the evaluation of any chemopreventive in premenopausal women whether or not there are any known concerns with reproductive health.
In our study, we found that the use of raloxifene in premenopausal women resulted in an increase in circulating oestradiol. The reportedly poor pharmacokinetics for raloxifene and the increase in free oestradiol would not be anticipated to provide an optimal blockade of breast ER. Indeed, it is already known that rises in oestradiol produced by tamoxifen in premenopausal patients undermine the effectiveness of ER blockade in breast cancer, but efficacy can be improved by using a combination of a luteinizing hormone releasing hormone superagonist to produce a 'medical oophorectomy' and tamoxifen (Baum et al. 2006) . Present studies in our laboratory are evaluating the changes in salivary steroids during the treatment of premenopausal women with tamoxifen.
